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(57) ABSTRACT 
The invention relates to a method for synthesising a bifunc 
tional complex comprising an encoded molecule and an 
identi?er polynucleotide identifying the chemical entities 
having participated in the synthesis of the encoded mol 
ecule, said method comprising the steps of i) providing a) at 
least one template comprising one or more codons capable 
of hybridising to an anti-codon, Wherein said template is 
optionally associated With one or more chemical entities, 
and b) a plurality of building blocks each comprising an 
anti-codon associated With one or more chemical entities, 
and ii) hybridising the anti-codon of one or more of the 
provided building blocks to the template, iii) covalently 
linking said anti-codons and/or linking the at least one 
template With the anti-codon of at least one building block, 
thereby generating an identi?er polynucleotide capable of 
identifying chemical entities having participated in the syn 
thesis of the encoded molecule, iv) separating the template 
from one or more of the anti-codons hybridised thereto, 
thereby generating an at least partly single stranded identi 
?er polynucleotide associated With a plurality of chemical 
entities, v) generating a bifunctional complex comprising an 
encoded molecule and an identi?er polynucleotide identify 
ing the chemical entities having participated in the synthesis 
of the encoded molecule, Wherein said encoded molecule is 
generated by reacting at least tWo of said plurality of 
chemical entities associated With the identi?er polynucle 
otide, and Wherein said at least tWo chemical entities are 
provided by separate building blocks. 
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LIGATIONAL ENCODING OF SMALL 
MOLECULES 

[0001] This application claims the bene?t of Us. provi 
sional application Ser. No. 60/455,858 ?led Mar. 20, 2003, 
Which is hereby incorporated by reference in its entirety. All 
patent and non-patent references cited in that application, or 
in the present application, are also hereby incorporated by 
reference in their entirety. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention in one aspect relates to a 
method for synthesizing a bifunctional complex comprising 
an encoded molecule and a template coding for chemical 
entities Which have participated in the synthesis of the 
encoded molecule. The invention also relates to a library of 
different complexes, said library being obtainable by pro 
cessing a plurality of different temp lates. The library of the 
invention may be suitable for identifying drugs. 

BACKGROUND OF THE INVENTION 

[0003] Libraries of complexes comprising an encoded 
molecule as Well as the template Which has coded for the 
synthesis thereof are useful in ?nding neW chemical com 
pounds Which may be used for therapeutic purposes, 
because the potential drug is connected to an identi?er 
molecule or template, Which may be decoded for identi? 
cation of each chemical entity that has participated in the 
synthetic history. 
[0004] Some attempts to form the complex comprising an 
encoded molecule as Well as the template that codes for the 
chemical entity that has participated in the formation of the 
encoded molecule, Were based on the split-and-mix prin 
ciple knoWn from combinatorial chemistry, see eg WO 
93/06121Al, EP 643 778 B1, and WO 00/23458. If several 
selection rounds are desirable or necessary the split-and-mix 
principle has the inherent disadvantage of requiring decod 
ing betWeen each selection round. The decoding step may be 
laborious and cumbersome because the templates usually are 
incorporated into a vector and then subsequently into a 
suitable host micro organism. 

[0005] Other attempts have focussed on the formation of 
encoded proteins using the natural machinery of a cell and 
connecting the formed protein With the template nucleic acid 
that has coded for the amino acid components of the protein. 
Examples of suitable systems are phage display, E coli 
display, ribosome display (WO 93/03172), and protein 
mRNA-fusions (WO 98/31700). The genetic information of 
the nucleic acid, usually mRNA or DNA, may not neces 
sarily be decoded betWeen each round of selection to estab 
lish the identity of the chemical entities that has formed the 
protein because the nucleic acid can be ampli?ed by knoWn 
means, such as PCR, and processed for the formation of a 
neW library enriched in respect of suitable binding proteins. 

[0006] Recently, neW a method for encoding molecules 
has been suggested, Which can be performed in several 
selection rounds Without intermediate decoding, Wherein the 
en-coded molecule is not restricted to peptides and proteins. 
WO 02/00419 and WO 02/103008 disclose methods for 
preparing virtually any molecule connected to a template 
coding for chemical entities Which have reacted to form the 
molecule. In short, a template segregated into a plurality of 
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codons and a plurality of building blocks comprising a 
transferable chemical entity and an anticodon are initially 
provided. Under hybridisation conditions, the template and 
building blocks are annealed together and the chemical 
entities are subsequently reacted to form the molecule. The 
methods of the prior art are, hoWever, restricted to reactions 
of the chemical entities Which can be performed under 
hybridisation conditions. Hybridisation conditions generally 
imply aqueous solvents, moderate pH, and ambient tem 
perature. 

[0007] WO 02/074929 and WO 04/016767 disclose tem 
plate directed synthesis methods in Which the reactive units 
of functional groups are reacted While hybridised to a 
template. This severaly restricts the applicability of these 
prior art methods. 

DESCRIPTION OF THE INVENTION 

[0008] The present invention in one aspect provides meth 
ods for the synthesis of molecules such as encoded mol 
ecules resulting from template directed synthesis involving 
a plurality of building blocks. 

[0009] In another aspect the methods do not employ a 
template, but exploits building block oligonucleotides 
capable of hybridising to each other, thereby generating a 
hybridisation complex in Which no single building block 
oligonucleotide hybridises to all of the remaining building 
block oligonucleotides of the complex. 

[0010] In both of the above cases it is possible to generate 
an essentially single stranded identi?er polynucleotide to 
Which a plurality of chemical entities are attached, and react 
said chemical entities While the identi?er polunucleotide is 
on a single stranded form, thereby enhancing the reactive 
proximity of several chemical entities and thereby in turn 
enhance the formation of a molecule resulting from the 
reaction of said chemical entities. 

[0011] As the conditions for reacting the chemical entities 
is not limited to reaction conditions also facilitating hybridi 
sation of nucleic acids, the types of reaction chemistries 
Which can be persued is increased signi?cantely. 

[0012] In some embodiments of the invention, the identi 
?er polynucleotide is single stranded When chemical entities 
are reacted. This means that no single part of the identi?er 
polynucleotide is hybridised to itself. 

[0013] The term “separated” is used to denote that eg 
template codons and building block anti-codons do not 
hybridise to each other. Codons and anti-codons of an 
identi?er polynucleotide can be “separated” While still being 
linked, such as covalently linked through at least one cova 
lent chemical bond. 

[0014] In some embodiments the identi?er oligonucle 
otide consists only of the covalently linked oligonucleotide 
parts, such as eg anti-codons, of building blocks. Accord 
ingly, it is possible to obtain a bifunctional complex in Which 
no part of a template is present, Wherein said template served 
the purpose of bringing building block chemical entities into 
reactive contact With one another. 

[0015] In other embodiments, the identi?er oligonucle 
otide comprises covalently linked building block oligo 
nucleotides and at least a part of the template having 
templated the synthesis of an encoded molecule. In such 
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cases, chemical entities are preferably also reacted under 
conditions in Which the identi?er polynucleotide is at least 
essentially single stranded. 

[0016] “At least essentially single stranded” as used herein 
denotes in one embodiment that any formation non-single 
stranded structures of the identi?er polynucleotide is tran 
sient, unintentional and not important for the reaction of 
chemical entities associated thereWith. In other Words, the 
reaction of the chemical entities does not bene?t from the 
formation of the non-single stranded structures. 

[0017] In one embodiment template codons and building 
block oligonucleotides or anti-codons are physically sepa 
rated. This can take place When one or the other of said 
oligonucleotides are bound to a solid support. In that case 
one may cleave at least one chemical bond linking the 
template to a plurality of covalently linked building block 
oligonucleotides such as anti-codons. 

[0018] The displacement of template from covalently 
linked anti-codons can take place according to any of a 
variety of Well knoWn state of the art methods for displacing 
oligonucleotides, including incubation at increased tempera 
tures, Washing With buffer solutions containing high salt, 
incubating in certain organic solvents, and the like. 

[0019] The methods of the present invention can be con 
trolled so that the identi?er oligonucleotide in one extreme 
contains both the entire template and the plurality of 
covalently linked building block oligonucleotides, such as 
anti-codons, to be used for encoded molecule synthesis, and 
in another extreme the identi?er oligonucleotide contains 
only covalently linked anti-codons and no part of the tem 
plate. 

[0020] In one embodiment, When only a plurality of build 
ing blocks and no template is used for the synthesis of 
molecules according to the invention, the identi?er poly 
nucleotide to Which a plurality of chemical entities are 
associated comprises only the oligonucleotides identifying 
individual building block chemical entities. 

[0021] Oligonucleotides can preferably comprise a “Zip 
per box”. TWo oligonucleotides may be provided With a 
Zipper box, i.e. a ?rst oligonucleotide comprises a ?rst part 
of a molecule pair being capable of reversible interaction 
With a second oligonucleotide comprising the second part of 
the molecule pair. Typically, the molecule pair comprises 
nucleic acids, such as tWo complementary sequences of 
nucleic acids or nucleic acid analogs. In a certain aspect, the 
Zipper domain polarity of the ?rst oligonucleotide attached 
to a ?rst chemical entity is reverse compared to the Zipper 
domain polarity of the second oligonucleotide. Usually, the 
Zipping domain is proximal to the chemical entity to alloW 
for a close proximity of the chemical entities. In preferred 
embodiments, the Zipping domain is spaced form the chemi 
cal entity With no more than 2 nucleic acid monomers. 

[0022] Typically, the Zipping domain sequence comprises 
3 to 20 nucleic acid monomers, such as 4 to 16, and 
preferably 5 to 10, depending on the conditions used. 

[0023] In one aspect of the present invention, it is the 
object to provide a method, including an encoding method, 
Which expands the possible chemical reactions available for 
producing encoded molecules. 

Nov. 2, 2006 

[0024] In one aspect there is provided a method for 
synthesising a bifunctional complex comprising an encoded 
molecule and an identi?er polynucleotide identifying the 
chemical entities having participated in the synthesis of the 
encoded molecule, said method comprising the steps of 

[0025] providing 
[0026] at least one template comprising one or more 

codons capable of hybridising to an anti-codon, 
Wherein said template is optionally associated With 
one or more chemical entities, and 

[0027] a plurality of building blocks each comprising 
an anti-codon associated With one or more chemical 

entities, and 

[0028] hybridising the anti-codon of one or more of the 
provided building blocks to the template, 

[0029] covalently linking said anti-codons and/or link 
ing the at least one template With the anti-codon of at 
least one building block, thereby generating an identi 
?er polynucleotide capable of identifying chemical 
entities having participated in the synthesis of the 
encoded molecule, 

[0030] separating the template from one or more of the 
anti-codons hybridised thereto, thereby generating an at 
least partly single stranded identi?er polynucleotide 
associated With a plurality of chemical entities, 

[0031] generating a bifunctional complex comprising 
an encoded molecule and an identi?er polynucleotide 
identifying the chemical entities having participated in 
the synthesis of the encoded molecule, 

[0032] Wherein said encoded molecule is generated 
by reacting at least tWo of said plurality of chemical 
entities associated With the identi?er polynucleotide, 

[0033] Wherein said at least tWo chemical entities are 
provided by separate building blocks. 

[0034] The hybridisation of a ?rst anti-codon to the tem 
plate can occur sequentially or simultaneously With the 
hybridisation of a second anti-codon to the template. 

[0035] The hybridisation of a ?rst anti-codon to the tem 
plate can also occur sequentially or simultaneously With the 
linkage of the ?rst anti-codon to a second anti-codon or to 
the template. 

[0036] The hybridisation of a ?rst anti-codon to the tem 
plate can occur sequentially or simultaneously With the 
linkage of a second anti-codon to a further anti-codon or to 
the template. 

[0037] The linkage of a ?rst anti-codon to the template can 
occur sequentially or simultaneously With the linkage of the 
?rst anti-codon to a second anti-codon, and/ or the linkage of 
a ?rst anti-codon to a second anti-codon can occur sequen 

tially or simultaneously With the linkage of the template to 
the second anti-codon. 

[0038] In one embodiment, the template is separated from 
said covalently linked anti-codons by chemically or enZy 
matically cleaving one or more nucleotide linking bonds of 
the template. In other embodiments, the template is non 
covalently associated With the covalently linked anti 
codons. 
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[0039] When the template is separated from said 
covalently linked anti-codons a separation step is employed, 
such as eg i) a step involving heating the template and the 
covalently linked anti-codons, thereby displacing the tem 
plate from the covalently linked anti-codons, and ii) a step 
involving Washing the template and the covalently linked 
anti-codons in a solvent resulting in displacing the template 
from the covalently linked anti-codons, Wherein said steps 
are optionally folloWed by one or more Washing steps. 

[0040] It can be preferred to link at least one of said 
covalently linked anti-codons to a solid support in a method, 
Wherein the template is hybridised to the covalently linked 
anti-codons Without being covalently linked to said 
covalently linked anti-codons, and Wherein the template is 
separated from the covalently linked anti-codons by a step 
involving heating the template and the covalently linked 
anti-codons and/or a Washing step resulting in physically 
separating the template from the covalently linked anti 
codons. 

[0041] In another embodiment, the template is linked to a 
member of an af?nity pair so that the manipulation of the 
template can be aided by the binding of the members of the 
af?nity pair. 
[0042] It is also possible to link the template to a solid 
support When carrying out a method, Wherein said 
covalently linked anti-codons are hybridised to the template 
Without being covalently linked to said template, and 
Wherein the covalently linked anti-codons are separated 
from the template by a step involving heating the template 
and the covalently linked anti-codons and/ or a Washing step 
resulting in physically separating the covalently linked anti 
codons from the at least one template. 

[0043] At least one of said covalently linked anti-codons 
can be further linked to one member of an af?nity pair, 
Wherein the other member of said af?nity pair is linked to a 
further solid support, Wherein the linkage of said a?inity pair 
members results in attaching said covalently linked anti 
codons to said further support, thereby facilitating the sepa 
ration of template and covalently linked anti-codons. 

[0044] The identi?er polynucleotide can consist exclu 
sively of covalently linked anti-codons and the identi?er 
polynucleotide does not have to comprise the template, or 
any part thereof. 

[0045] There is also provided a method Wherein the tem 
plate is at least partly separated from said covalently linked 
anti-codons by chemically or enZymatically cleaving one or 
more nucleotide linking bonds of the template. Accordingly, 
the template or a part thereof can in one embodiment be 
covalently associated With the covalently linked anti 
codons. 

[0046] In one embodiment, the template is at least partly 
separated from said covalently linked anti-codons in a 
separation step selected from i) a step involving heating the 
template and the covalently linked anti-codons, thereby 
displacing at least part of the template from the covalently 
linked anti-codons, and ii) a step involving Washing the 
template and the covalently linked anti-codons in a solvent 
resulting in displacing at least part of the template from the 
covalently linked anti-codons, Wherein said steps are option 
ally folloWed by chemically cleaving or enZymatically 
cleaving one or more nucleotide linking bonds of the tem 
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plate. The separation of at least part of said at least one 
template from covalently linked anti-codons hybridised to 
the template is carried out prior to the reaction of the at least 
tWo of said plurality of chemical entities. 

[0047] A plurality of building blocks can be hybridised to 
at least one template, such as from 2 to preferably less than 
100 building blocks are hybridised to at least one template, 
such as from 3 to preferably less than 50 building blocks are 
hybridised to at least one template, for example from 3 to 
preferably less than 20 building blocks are hybridised to at 
least one template, such as from 3 to preferably less than 10 
building blocks are hybridised to at least one template, for 
example from 3 to preferably less than 8 building blocks are 
hybridised to at least one template, such as from 3 to 
preferably less than 7 building blocks are hybridised to at 
least one template. 

[0048] One or more chemical entities of each building 
block can be reacted. In some embodiments, the reaction of 
chemical entities involve at least tWo reactive groups of at 
least some chemical entities. 

[0049] In some embodiments there is provided a method 
as disclosed herein above, 

[0050] Wherein the anti-codon of one of the provided 
building blocks is hybridised to the template, 

[0051] Wherein the anti-codon is covalently linked to 
the template, 

[0052] Wherein the anti-codon is displaced from the 
template, thereby generating an at least essentially 
single stranded identi?er polynucleotide associated 
With a plurality of chemical entities, 

[0053] Wherein at least tWo of said plurality of chemical 
entities associated With the at least essentially single 
stranded identi?er polynucleotide are reacted, thereby 
generating a bifunctional complex comprising a ?rst 
encoded molecule and an identi?er polynucleotide cod 
ing for chemical entities having participated in the 
synthesis of the ?rst encoded molecule. 

[0054] The method can comprise the further steps of 

[0055] hybridising the anti-codon of at least one further 
building block to the identi?er polynucleotide of the 
?rst bifunctional complex generated in claim 7, 
Wherein said anti-codon is associated With one or more 

chemical entities, 

[0056] covalently linking the anti-codon and the iden 
ti?er polynucleotide of the ?rst bifunctional complex, 

[0057] displacing the anti-codon from the identi?er 
polynucleotide of the ?rst bifunctional complex, 
thereby generating an at least essentially single 
stranded second identi?er polynucleotide associated 
With the ?rst encoded molecule and one or more 

chemical entities, 

[0058] reacting the ?rst encoded molecule and the one 
or more chemical entities, and 

[0059] generating a second bifunctional complex com 
prising a second encoded molecule and the second 
identi?er oligonucleotide identifying the plurality of 
chemical entities having participated in the synthesis of 
the second encoded molecule. 
















































































